Primary intramedullary spinal cord lymphoma (PISCL) is a rare cause of myelopathies. Considering its poor prognosis, it is essential to determine the appropriate treatment strategies and to develop nomograms to predict survival outcome for PISCL patients.
Background
Primary intramedullary spinal cord lymphoma (PISCL) is a rare myelopathy which accounts for 1% of all central nervous system lymphomas [1] . Considering the few published case reports of this disease, the clinical features of PISCL are unclear, resulting in complicated diagnosis and delayed therapy. In some cases, diagnosis of this disease is not confirmed until an autopsy is performed [2, 3] .
From 1980 to present, there have been a total of 394 cases of PISCL recorded in the literature . Among these studies, the study conducted by Flanagan et al. reported 14 PISCL patients with 2-year survival of 36% [1] , which indicates a high overall morbidity and infrequent long-term survival. Yang et al. conducted a population-based study of 346 PISCL patients using the Surveillance, Epidemiology, and End Results (SEER) database. They found that the clinicopathologic factors age, marital status, race, tumor stage, tumor histology, and year of diagnosis were correlated with PISCL patient survival outcome [30] . However, there has been no study developing a clinical nomogram for PISCL patient prognosis. The poor prognosis of PISCL patients suggests the need to construct nomograms for patient OS and CSS.
In this study, we aimed to develop practical nomograms for the survival outcome of PISCL patients by utilizing the SEER database. We also evaluated the effect of different therapeutic strategies on PISCL survival.
Material and Methods

Study design and patient selection
Patients were selected from the SEER database from 1973 to 2015, released in April 2018. The SEER database is a prospective public-use dataset containing patient-level clinical data from a total of 18 population-based cancer registries. As the 18 registries account for approximately 28% of the United States population, they are able to represent the overall population. The SEER database contains clinical, pathological, demographic, therapeutic, and outcome data.
As demonstrated in Figure 1 , patients initially diagnosed with primary lymphoma of the spinal cord from the first day of 1973 to the last day of 2015 were included for analysis (C72.0). Patients with positive histology and known data were selected for further investigation. Overall survival (OS) was assessed based on analysis of 364 patients. After excluding 50 patients who died due to other causes, there were 289 patients assessed for cancer-specific survival (CSS).
Study variables
There were 9 variables included for analysis: age, sex, first malignancy or not, marital status, race, histologic type, stage, radiation therapy, and chemotherapy. Age was divided into 2 groups: £60 and >60 years old. Marital status was categorized into 3 categories: divorced/separated/widowed (DSW), married, and single. Race was divided into 4 groups: white, American Indian/Alaska Native (AI/AN), black, and Asian/Pacific Islander (PI). The Ann Arbor Stage was utilized for staging of lymphoma in the SEER database and was divided into stage I-II and stage III-IV. The histologic types of PISCL were defined by the International Classification of Disease for Oncology (3 rd edition) and included diffuse B cell lymphoma (9680), follicular lymphoma (9690-9691, 9695, 9698), other B cell lymphoma (9670-9671, 9675, 9684, 9687, 9699, 9731), precursor cell lymphoma (9727-9728), and other or not-otherwise-specified (NOS) lymphoma [30] . Radiation therapy and chemotherapy were the main treatment strategies for PISCL patients, while surgery is not a conventional treatment method for PISCL. Therefore, radiation therapy and chemotherapy were included for analysis while surgery was excluded from the analyzed variables.
Construction and validation of the Nomogram
Kaplan-Meier (K-M) analysis was performed to make comparisons of survival duration of OS and CSS between different variable groups of PISCL patients. The log-rank test was utilized to assess the OS and CSS differences between different variable groups. The independent prognostic factors for PISCL patients were determined by conducting multivariable analyses with Cox proportional hazard regression. Based on the results of multivariable analyses, nomograms were constructed using 
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R package rms version 5.1-2. Then, the nomogram was validated by evaluating its discrimination and calibration. A concordance index (C-index) was used to evaluate the discrimination. A calibration curve was calculated by comparing the mean expected survival rate with the mean observed survival rate.
Statistical analysis
SEER*Stat Software version 8.3.5 was used to collect primary data in the SEER database. Two-tailed P values less than 0.05 were considered statistically significant. All of the analyses were performed using R software version 3.5.1 (https://www.r-project.org/).
Results
Basic characteristics of PISCL patients
As demonstrated in 7422 subgroup (n=73,%=17.6). The demographic characteristics of therapy subgroups for spinal cord lymphoma patients are exhibited in Supplementary Table 1 .
Survival analysis of demographic, pathological, and clinical variables
The K-M analysis indicated that follicular lymphoma type (Figure 2A, 2F ), younger age ( Figure 2C, 2H) , and married and 7423 single patients ( Figure 2D , 2I) were found associated with longer survival for both OS and CSS (P<0.05). In the K-M analysis, there was no significant difference between stage I-II and stage III-IV for OS or CSS ( Figure 2B, 2G ), but the race variable was significantly different on OS but not CSS (Figure 2E, 2J) . Then, the univariate analysis for each variable was conducted. The univariate analysis for subgroups of some variables was consistent with the K-M analysis. However, sex, stage, and race did not make a significant difference in the univariate analysis for OS or CSS ( Figures 3A, 4A) . The multivariable regression model demonstrated that follicular lymphoma type [Hazard ratio (HR)=0.452, 95% confidence interval (95% CI)=0.24-0.852, P=0.014], stage III-IV (HR=1.363, 95% CI=1.003-1.853, P=0.048), older age (HR=2.367, 95% CI=1.661-3.373, P<0.001), and married status (HR=0.536, 95% CI=0.37-0.776, P=0.001) could serve as independent prognostic factors for PISCL patient OS ( Figure 3B) . The multivariable analysis for CSS showed that follicular lymphoma type [HR (hazard ratio)=0.362, 95% CI (confidence interval)=0.153-0.854, P=0.02], stage III-IV (HR=1.551, 95% CI=1.042-2.309, P=0.031), older age (HR=1.981, 95% CI=1.296-3.03, P=0.002), being married (HR=0.422, 95% CI=0.252-0.709, P=0.001), and being single (HR=0.491, 95% CI=0.258-0.933, P=0.03) were able to independently predict patient prognosis ( Figure 4B ).
Survival analysis of different treatment strategies
Considering the poor prognosis for PISCL patients, we further assessed the influence of different treatment strategies on OS and CSS. The radiation therapy demonstrated no effect on OS and CSS in the univariate and multivariable analysis (Figures 3, 4 ). Patients who underwent chemotherapy exhibited better survival outcomes of OS and CSS in the univariate analysis, but no significant differences were observed in the multivariable analysis (Figures 3, 4) . The K-M analysis indicated that patients who only underwent chemotherapy had a better OS and CSS than those who did not receive either chemotherapy or radiation therapy ( Figure 5A, 5D ). In accordance with the results of univariate analysis, patients who only underwent radiation therapy did not show a survival benefit compared with those not receiving either therapy (Figure 5B, 5E ). Interestingly, we found that the OS and CSS of PISCL patients receiving both chemotherapy and radiation therapy was not significantly different from those not receiving both therapies (Figure 5C, 5F) . Finally, the comparison of combined radiation therapy and chemotherapy, chemotherapy alone, radiation therapy alone, and no radiation therapy or chemotherapy on survival outcome was performed. The patients who only received chemotherapy were more likely to have better OS and CSS compared with other groups, as shown in Figure 6A -6D.
Construction and validation of a nomogram for OS and CSS
The significant independent prognostic factors -histologic type, age, stage, and marital status -were used to construct a nomogram for OS and CSS, as shown in Figure 7A and Figure 7C . The nomogram exhibited that histology type made the largest contribution to survival outcome, followed by age, marital status, and stage. Factors in these variables were assigned a score. Each patient's probability of survival was calculated by accumulating scores for every variable. Then, the nomogram was validated using calibration plots and Harrell's C-index. The calibration plots demonstrated the predicted 5-year OS and CSS closely corresponded with the observed OS and CSS ( Figure 7B, Figure 7D ). The C-index for established nomograms predicting OS was 0.672 (P=0.024) and the C-index to predict CSS was 0.683 (P=0.029).
Discussion
Considering the unclear pathological features of PISCL, we performed the largest retrospective study on PISCL patients using the SEER database to construct a nomogram to predict 7425 the survival outcome of PISCL patients. Different treatment strategies were assessed to provide guidelines for treatment.
The established nomograms in our study can supply a quantifiable prediction for each patient's OS and CSS, since the nomograms can easily incorporate significant prognostic factors. Nomograms are a very powerful tool for facilitating individualized clinical predictions and can help in developing treatment strategies. To the best of our knowledge, our study is the first to develop nomograms for PISCL patients. These nomograms can help to further subgroup patients according to their homogeneous prognosis, which enables clinicians to evaluate a variety of parameters more objectively and accurately so as to clearly interpret clinical trial outcome.
In our baseline investigation of PISCL, we found PISCL is a malignancy that tends to occur in young men of white race, with a median survival time shorter than 3.5 years. As PISCL is a rare disease with delayed diagnosis, this may help physicians to diagnose this disease [1] . Our study found that radiation therapy had no benefit for OS and CSS, which is in accordance with the study of Yang et al. [30] . This may be due to the severe neurotoxicity caused by radiation therapy. PISCL is a subtype of primary CNS lymphoma. Abrey et al. found that delayed neurotoxicity is common in older patients with primary CNS lymphoma who received radiation therapy [31] . Interestingly, we found that patients only receiving chemotherapy had better OS and CSS compared with other treatment strategies. DeAngelis et al. found improved survival outcome with the combination of chemotherapy plus radiation therapy compared to radiation therapy alone [32] . Our study is the first to find that chemotherapy alone is superior to combined therapies and radiation therapy in improving PISCL patient OS and CSS. Sandor et al. reported that chemotherapy alone can achieve optimal response and survival for primary CNS lymphoma [33] . Despite the fact that both chemotherapy and radiotherapy have changed enormously, the optimal treatment method for PISCL has not been fully elucidated because of the rarity of the disease. Considering the variety of treatment strategies for PISCL, our investigation can help guide clinicians in making the right decision regarding treatment of PISCL patients.
Our investigation also found several variables associated with PISCL patients' OS and CSS in the multivariable analysis, including histologic type, stage, and marital status. Interestingly, we showed married patients were more likely to have a good survival outcome than those who were widowed or divorced, perhaps because married patients have better health insurance status, receive psychological support from family, and have better neighborhood socioeconomic status compared to widowed or divorced patients. Our investigation also confirmed the accuracy of Ann Arbor Stage for lymphoma, since low-stage patients had better OS and CSS.
Several limitations of our study should be considered. The SEER database does not provide detailed diagnostic and treatment information on PISCL patients. This study was limited by its retrospective nature, causing inevitable bias. Future investigations utilizing prospective data are needed to validate the results of our investigation. Furthermore, the SEER database may cause geographic bias, although it contains patients from 17 registries in the United States. Last but not least, due to the limited number of cases, there was bias in subgroups of patients. Nevertheless, we are now collecting the clinical information, other biomarkers, and treatment method of PISCL patients, and in future research we plan to exclude bias due to the imbalanced groups and make our conclusions more comprehensive and accurate.
Conclusions
We established and validated novel nomograms to predict survival outcome of ISCL patients. We found chemotherapy alone is more beneficial than other therapy strategies. Our results may be useful in generating guidelines for the diagnosis and treatment of PISCL patients.
Conflicts of interests
None. Unk -unknown; AI -American Indian; AN -Alaska Native; PI -Pacific Islander; DSW -divorced/separated/widowed; NOS -not-otherwise-specified.
Characteristic
No. patients(%) 
